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ABSTRACT 
As being a broad-spectrum, organophosphorus insecticide and acaricide, quinalphos is widely 
used against a range of pests and has a great threat to aquatic systems. Although the methods for 
detecting and predicting the harmful effects of chemicals on non-target organisms are traditionally 
perfected by in vivo experiments, cell culture methods that were used widely in recent decades are also 
an important tool for these kinds of research. In order to evaluate the effects of quinalphos on liver 
organotypic culture system of zebrafish, tissue cubes (1-2 mm3) were prepared by dissection and slicing 
of the liver tissues, embedded in agarose and cultured. The cubes were exposed to three different 
concentrations of quinalphos (2, 4 and 8 mg/L) for 24 and 96 hours. By performing the comet assay as 
an emerging tool for cytotoxicity, it was detected that quinalphos causes DNA damage. Increased levels 
of catalase, superoxide dismutase and glutathione-s-transferase were also measured. All of these 
parameters were noted as concentration- and time-dependent. Our data suggest that organotypic liver 
tissue culture of zebrafish is a practical alternative to the whole fish.. 
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1. INTRODUCTION 
Pesticides are widely used in agriculture to enhance food production by eradicating 
unwanted insects and controlling disease vectors (1). These chemicals have made great 
contributions to plant protection but at the same time, their unbounded and indiscriminate 
applications have resulted in serious health and environmental problems (2). It has been 
estimated that only 0.1 % of the applied pesticides reach the target pests and the remaining 
99.9% find their way to different components of the environment (3). Pesticides are one of the 
major contaminants of our environment and many of them persist for longer durations (4), and 
pose great threats to the health of humans and non-target organisms (5).  
Organophosphorus insecticides (OPIs) are the most usually applied pesticides, 
accounting for 50% of global insecticidal use due to their extensive insecticidal property, low 
mammalian toxicity, a lesser amount of persistence and rapid biodegradability in the 
environment (6,7). Unfortunately OPIs lack target specificity and cause severe, long-lasting 
population effects on terrestrial and aquatic nontarget species, particularly fish (8, 9). 
Quinalphos (QP: O,O diethyl O-2 quinoxalinoxalinyl phospharothionate) is an OPI that 
extensively used in agriculture for pest eradication (10). It is effective against a wide range of 
pests of cotton, groundnuts, rice, tea, coffee, soybeans and so forth. QP has been classified as a 
moderately hazardous pesticide by WHO but has become a matter of concern because of its 
potentiality and hazardous effect on nontarget organisms. the primary target of QP action is the 
inhibition of AChE activity, the enzyme that degrades the neurotransmitter acetylcholine in 
cholinergic synapses. Experimental evidence showed that QP, besides its inhibitory effect on 
AChE, also induced oxidative stress.  
Oxidative stress, defined as a disturbance in the balance between the production of 
reactive oxygen species (free radicals) and antioxidant defenses (11). It occurs when the critical 
balance between oxidants and antioxidants is disrupted owing to the depletion of antioxidants 
or excessive accumulation of the reactive oxygen species (ROS), or both, leading to damage  
Pesticides are known to modulate antioxidant defense systems and to cause oxidative 
stress in aquatic organisms via ROS production. Pesticides are known to regulate antioxidant 
defense mechanisms and to cause oxidative stress in aquatic organisms via ROS Production 
(12, 13, 14). ROS such as hydrogen peroxide (H2O2) and the free radicals superoxide (O2 •) 
and hydroxyl radical (HO•) can react with biological macromolecules and produce enzyme 
inactivation, lipid peroxidation (LPO), DNA damage, and protein oxidation, resulting in 
oxidative stress (13, 15, 16). To reduce the adverse effects of ROS, fish possess an antioxidant 
defiance system similar to other vertebrates that use enzymatic and nonenzymatic mechanisms. 
The most important antioxidant enzymes are superoxide dismutase (SOD; EC 1.15.1.1), 
catalase, (CAT; EC 1.11.1.16), and glutathione-S-transferase (GST; EC.2.5.1.18, GST) (17; 
18). One of the most important targets of ROS is the membrane lipids which undergo 
peroxidation (LPO). Thus, the estimation of LPO has also been successfully employed to 
signify oxidative stress and most frequently used as a biomarker in the evaluations of 
toxicological assays. 
Fish are mainly used to evaluate the situation of aquatic systems and physiological 
changes in fishes serve as biomarkers of environmental pollution, and thus can ben used for the 
quality assessment of the aquatic system (19, 20, 21, 22). Zebrafish is one of the commonly 
used ecotoxicological models for understanding interactions of xenobiotics with living 
organisms. Especially in ecotoxicological studies, zebrafish is widely used for this purpose. 
From an ethical perspective, researchers need to minimize animal use in experiments. So that 
in vitro methods replace in vivo methods day by day. In vitro, toxicological methods are widely 
used for the assesment of chemicals effects.  In this perspective, 2D and 3D culture methods 
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are used. Understanding the biochemical and metabolic characteristics of 3D models are 
important criteria for promoting their application in this field of ecotoxicology. A major 
promise in vitro systems is to obtain mechanism derived information that is considered pivotal 
for adequate risk assessment. Although two-dimensional (2D) cell culture enabled biologists to 
observe and manipulate cells and laid the foundation for cell and molecular biology, they do 
not completely recapitulate the three dimensional (3D) organization of cells and extracellular 
matrix (ECM) within tissues and organs. In the present study, we tried to explore genotoxic, 
biochemical effects of quinalphos with using in vitro organotypic liver 3D culture. 
2. MATERIALS AND METHODS 22 
2.1. Test Compound and Zebrafısh Maıntenance 
Test compound, quinalphos was commercially obtained from local suppliers (Ekalux). 
Wild type zebrafish specimens were reared in glass aquaria (60 x 30 x 30 cm) of 40 L water 
capacity and carried out to standard husbandry procedures (23). 
2.2. Liver Organotypıc Culture 
Male healthy zebrafishes were selected randomly and anaesthetized by MS222 (0,5 
mg/L, Sigma), liver samples were dissected and transferred into phosphate-buffered saline 
solution (PBS, Sigma). Tissue samples that were randomly pieced small cubes and embedded 
into %1 agarose dissolved in PBS; transferred into six-well plates. Leibovitz’s 15 (L15) cell 
culture medium supplemented with %10 FBS were added to plates for incubation in 28 °C 
overnight. 
2.3. Quınalphos Exposure 
Quinalphos stock solution (10 mg/L) was prepared. Three different concentrations (2, 
4, 8 mg/L) of test solution were diluted from stock with complete culture media. Organotypic 
culture of liver samples was exposed to different concentration of quinalphos with two different 
exposure duration. (24-96 hours). 
2.4. Comet Assay 
The alkaline comet procedure was performed. Briefly fully frosted slides were layered 
with normal melting point agarose (NMPA) and dried; then 100 µL of low melting point 
agarose (LMPA) were mixed with each disaggregated tissue sample and applied as a second 
layer onto the pre-coated slides. Finally the third layer of LMPA was added on top. The slides 
were placed in freshly prepared lysing solution (NaCl 2,5 M, EDTA 100 mM, Trizma base 10 
mM (pH: 10), 1% Triton X-100 and 10% DMSO) for 24 h at 4 °C to leave the DNA uncovered; 
and were immersed in alkaline buffer (NaOH 300 mM and Edta 1 mM, pH > 13 for 30 min to 
allow the unwinding of DNA. Electrophoresis was conducted for 20 min at 25 V (0,66 V/cm) 
and 30 mA at the same pH. The slides were then placed in neutralizing buffer (pH: 7,5) three 
times each for 5 min. and dried at room temperature. They were stained with 50 µL of ethidium 
bromide for 1 min. The stained nucleoids were examined at 40x in an epifluorescent microscope 
(Leica LM200) with a digital camera (Leica) and images were evaluated with Image J. Tail 
lengths were also measured and statistical analyses were performed by SPSS v14.0 statistical 
program (IBM). 
2.5. BIOCHEMICAL ANALYSES 
2.5.1. Sample Preparatıon 
The post mitochondrial fractions from the cultured tissues were used for biochemical 
assays. Cultured tissues were washed in ice-cold 1,15 % KCl solution, blotted and weighed. 
The tissues were homogenized with a homogenizing solution (50 mM phosphate buffer pH 7,4 
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containing 1 mM EDTA, 1 mM dithiothreitol (DTT), 0,15 M KCl and 0,01 % (w/v) PMSF). 
Homogenization was performed at 4 C by using homogenizer (sartorius), and centrifuged at 
10,000 rpm for 20 min at 4 °C with a refrigerated centrifuge (Eppendorf 5810 R). The 
supernatants were stored at -20 °C until performing biochemical analysis. 
2.5.2. Assay Of Lıpıd Peroxıdatıon 
Lipid peroxidation was determined by thiobarbituric acid (TBA) reaction (24). The 
absorbances were read at 532 nm after the removal of any flocculated material by 
centrifugation. The amounts of thiobarbituric acid reactive substances (TBARS) were then 
calculated by using an extinction coefficient of 1.56 x105 M-1 cm-1 and expressed as nmol 
TBARS formed/mg protein. 
2.5.3. Assay Of Antıoxıdant Enzymes 
Superoxide dismutase (SOD) activities were measured based on the inhibition of 
oxidation of NADH by SOD (25). One unit of enzyme activity was defined as 50% inhibition 
of oxidation of NADH in the reaction. The reaction rate was recorded at 340 nm and expresses 
as units/mg protein. Catalase (CAT) activities were determined based on the decomposition rate 
of H2O2 by the enzyme. Absorbance was measured at 240 nm and enzyme activity was 
expressed as units/mg protein. One unit of catalase activities were defined as decomposition of 
1.0 nm of H2O2 to oxygen and water per minute at pH: 7.4 and 25 C. Glutathione –S-Transferase 
(GST) activities were measured by using 1-chloro-2, 4-dinitrobenzene as a substrate (26). The 
reaction rate was recorded at 340 nm and the activities were expressed as nmol CDNB conjugate 
formed/min/mg protein using a molar extinction coefficient of 9.6 Mm-1CM-1. 
3. RESULTS AND DISCUSSION 
Comet assay or single nuclear electrophoresis are commonly used methods to observe 
DNA damage and genotoxicity can be identified by measuring tail lengths. As expected, highly 
genotoxic effects of quinalphos are seemed to be depended on concentration and exposure 
duration (Figure 1). In rats genotoxicity of quinalphos was reported with similar findings 
obtained by micronucleus and comet assay (27). 
Figure 1. Tail lengths of DNA damaged cells were depended on concentration and exposition 
time. 
 
Figure 2. shows the results of MDA analysis in the organotypic liver culture of zebrafish 
after 24 h and 96 h of exposure. There was a significant increase in MDA levels that showed 
the level of lipid peroxidation in liver tissue in all test concentrations when compared with 
control groups. Lipid peroxidation (LPO) has been widely used for a biomarker of oxidative 
damage in fish exposed to xenobiotics (28). LPO is the process of oxidative degeneration of 
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polyunsaturated fatty acids (PUFAs) that is essential for membrane function, structural integrity 
and inactivation of several membranes bound enzymes (29). MDA is a major oxidation product 
and the measurement of MDA provides a convenient index of LPO (30). A similar increase in 
MDA level in the fish liver was reported chronic exposure to lindane, an organochlorine 
pesticide in an in vivo study (31). Also another study showed that MDA levels in the liver of 
O. Mykiss were increased by exposure to methyl parathion and diazinon (32). However, there 
is no data in the literature to combine about in vitro organotypic liver culture of zebrafish. Our 
observations led us to conclude that the administration of different concentration of quinalphos 
promotes the concentration of MDA levels in in-vitro 3D tissue culture system.  
Figure 2. Lipid peroxidation of QP exposure organotypic tissue culture. Compared to controls 
lipid peroxidation was increased depending on the exposure time and concentration. 
 
SOD levels of organotypic 3D liver cultures of zebrafish exposed to quinalphos were 
shown in figure 3. SOD is a group metalloenzymes that plays an important role in cellular 
defiance against free radical induced damage by catalyzing the dismutation of superoxide and 
produced in peroxisomes and mitochondria to H2O and H2O2 (33; 34). In our study SOD levels 
were increased significantly in time and concentration depended. In other studies, performed in 
vivo techniques, it was observed that SOD activity in the liver of D. labrax after 96 h exposure 
to fenitrothion which is an OP pesticide, was increased (35). Different studies performed with 
different teleost species and different OP pesticides, it was clear that SOD is a common 
biomarker for exposure of OP pesticides in vivo. Our study also has shown that in vitro methods 
such as the organotypic culture of tissues like the liver could be used for assessment of 
xenobiotics, instead of whole organisms. 
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Figure 3. Superoxide Dismutase (SOD) activities of QP exposed liver organotypic tissue 
culture. Enzyme Activities increased significantly depending on increased concentration and 
exposure time. 
 
CAT has been implicated as essential defiance against the potential toxicity of 
superoxide anions (36). It is an antioxidant enzyme that acts specifically on H2O2, forming 
oxygen and water. CAT is mainly located in the peroxisomes and it is responsible for the 
reduction of hydrogen peroxide produced from the metabolism of long-chain fatty acids in 
peroxisomes (37). In our study exposure of quinalphos in different concentrations and exposure 
time, CAT activity levels increased significantly depending time and concentration (Figure 4). 
In related studies hepatic CAT activity was determined to be increased after different OP 
pesticides such as cypermethrin and malathion in different teleost species such as O. niloticus 
and L. rohita (38).  
Figure 4. Catalase (CAT) enzyme activities of organotypic liver tissue culture exposed to QP. 




 GÖKÇE & İŞİSAĞ ÜÇÜNCÜ / Biochemical Evaluations of Quinalphos Exposed Zebrafish Liver 
Organotypic Tissue Culture 
Journal of Scientific Perspectives, Volume:3, Issue:4, Year:2019 
325 
The same increase level was observed in GST activities (Fig 5). The enzyme GST is 
involved in the detoxification of many xenobiotics and this plays an important role in protecting 
tissues from oxidative stress (38). An increase in GST activity has also been observed in the 
studies with C. carpio after 2,4-D and azinphos-methyl exposure (39). Studies have shown that 
GST is the one of the biomarker for exposure of OP pesticides and our study conclude that in 
vitro experimental designs could be used for analysis of GST activity for evaluating the toxicity 
of OPs. 
Figure 5. Glutathione-s-Transferase (GST) enzyme activities of organotypic liver tissue 
culture exposed to QP. GST levels increased meaningfully depending on increased 
concentration and exposure duration. 
 
It is clear that quinalphos is not only genotoxic, but also cause lipid peroxidation and 
oxidative stress. Levels of lipid peroxidation and oxidative stress were elevated by increased 
concentration and longer exposure duration. These findings are in accordance with the report 
of Padmanabha et al. (40) who examined acute and chronic exposure of quinalphos on C. 
carpio. As a conclusion, it is clear that 3D tissue culture gives more efficient results when 
compared with 2D; and organotypic tissue culture is a more efficient and simple method to 
observe the effects of chemicals when compared to in vivo methods. We have to inform that 
only seven zebrafishes were sacrificed for his investigation. 
  
 GÖKÇE & İŞİSAĞ ÜÇÜNCÜ / Biochemical Evaluations of Quinalphos Exposed Zebrafish Liver 
Organotypic Tissue Culture 
Journal of Scientific Perspectives, Volume:3, Issue:4, Year:2019 
326 
REFERENCES 
[1] AMIN, K.A., HASHEM, K.S. 2012, Deltamethrin-Induced Oxidative Stress and 
Biochemical Changes in Tissues and Blood of Catfish (Clarias gariepinus): Antioxidant 
Defense and Role of Alpha-Tocopherol. BMC Veterinary Research, 8, 45. 
[2] JEYASANKAR, A., JESUDASAN, R.W., 2005, Insecticidal Properties of Novel 
Botanicals Against a Few Lepidopteran Pests. Pestology, 29, 42-44. 
[3] TODD, N.E., VAN LEEUWEN, M., 2002, Effects of Sevin (carbaryl insecticide) on Early 
Life Stages of Zebrafish (Danio rerio). Ecotoxicology and Environmental Safety, 
53(2):267-272. 
[4] ICENOGLE, L.M., CHRISTOPHER, N.C., BLACKWELDER, W.P., CALDWELL, D.P., 
QIAO D, SEIDLER F.J., SLOTKIN T.A., LEVIN, E.D., 2004, Behavioral alterations 
in adolescent and adult rats caused by a brief subtoxic exposure to chlorpyrifos during 
neurulation. Neurotoxicol Teratology, 26:95–101.  
[5] TAPARIA, N., MATHUR, P., SHAHANI, L., 2014, Toxic action of quinalphos 25% EC 
(flash), an organophosphate insecticide in induction of skeletal malformations in the 
embryos of Gallus domesticus. World Journal of Pharmacy and Pharmaceutical 
Sciences, 3(3):2078-2088. 
[6] SINGH, RN., PANDEY, P,K., SINGH, N.N., DASS, V.K., 2010, Acute toxicity and 
behavioral responses of common carp Cyprinus carprio (linn.) to an organophosphate 
(dimethoate). World J Zool 5:183–188. 
[7] REN, Z.M., FU, X.E., ZENG, Y., LIUB, Y.D., KIM, H.S., CHON, T.S., 2012, The stepwise 
behavioral responses of Medaka (Oryzias latipes) to organophosphorus pesticides in an 
online monitoring system. Procedia Environ Sci 13:1122–1133. 
[8] SCHULZ, R., LIESS, M., 1999, A field study of the effects of agriculturally derived input 
on stream macroinvertebrate dynamics. Aquatic Toxicology 46:155–176. 
[9] FULTON, M.H., KEY, P.B., 2001, Acetylcholinesterase inhibition in esturaine fish and 
invertebrates as an indicator of organophosphorus insecticide exposure and effects. 
Environ Toxicol Chem 20:37–45. 
[10] DAS, A.C., MUKHERJEE, D., 2000, Soil application of insecticides influences 
microorganisms and plant nutrients. Applied Soil Ecology 14(1):55-62. 
[11] BETERİDGE, D.J., 2007, What is oxidative stress. Metabolism 49:2(1), 3-8. 
[12] BAGCHI D, BAGCHI M, HASSOUN EA, STOHS SJ. 1995. In vitro and in vivo 
generation of reactive oxygen species, DNA damage and lactate dehydrogenase leakage 
by selected pesticides. Toxicology 104:129–140. 
[13] LIVINGSTONE DR. 2001. Contaminant-stimulated reactive oxygen species production 
and oxidative damage in aquatic organisms. Mar Pollut Bull 42:656–666. 
[14] SINHORIN, V., D., G., SINHORIN, A., P., TEIXEIRA, J., M., D., S., MILÉSKI, K., M., 
L., HANSEN, P., C., MOREIRA, P., S., A., KAWASHITA, N., H., BAVIERA, A., M., 
LORO, V., L., 2014, Effects of the acute exposition to glyphosate-based herbicide on 
oxidative stress parameters and antioxidant responses in a hybrid Amazon fish surubim 
(Pseudoplatystoma sp), Ecotoxicology and Environmental Safety 106:181-187. 
[15] NORDBERG J, ARNER ES. 2001. Reactive oxygen species, antioxidants, and the 
mammalian thioredoxin system. Free Radical Biol Med 31:1287–1312. 
 GÖKÇE & İŞİSAĞ ÜÇÜNCÜ / Biochemical Evaluations of Quinalphos Exposed Zebrafish Liver 
Organotypic Tissue Culture 
Journal of Scientific Perspectives, Volume:3, Issue:4, Year:2019 
327 
[16] SHI S, WANG G, WANG Y, ZHANG L, ZHANG L. 2005. Protective effect of nitric 
oxide against oxidative stress under ultraviolet-B radiation. Nitric Oxide 13:1–9. 
[17] STOREY KB. 1996. Oxidative stress: Animal adaptation in nature. Braz J Med Res 
29:1715–1733. 
DROGE W. 2002. Free radicals in the physiological control of cell function. Physiol Rev 
82:47–95. 
[18] DROGE, W., 2002, Free radicals in the physiological control of cell function., Phyisology 
Reviews, 82(1):47-95. 
[19] WINGER PV, SCHULTZ DP, JOHNSON WW. 1990. Environmental contaminant 
concentrations in biota from the lower savannah river Georgia and South Carolina. Arch 
Environ Contam Toxicol 19: 101–117. 
[20] SAIKI MK, JENNINGS MR, BRUMBAUG WG. 1993. Boron, molybdenum and 
selenium in aquatic food chains from the lower San Joaquin River and its Tributaries 
California. Arch Environ Contam Toxicol 24:307–319. 
[21] KOCK G, TRIENDL M, HOFER R. 1996. Seasonal patterns of metal accumulation in 
Arctic char, Salvelinus alpinus from an oligotrophic alpine lake related to temperature. 
Can J Fish Aquat Sci 53:780–786. 
[22] SARAVANAN M, RAMESH M. 2013. Short and long-term effects of clofibric acid and 
diclofenac on certain biochemical and ionoregulatory responses in an Indian major carp, 
Cirrhinus mrigala. Chemosphere 93:388–96. 
[23] WESTERFIELD, M. 2007 The Zebrafish Book. A Guide for the Laboratory Use of 
Zebrafish (Danio rerio), 5th Edition University of Oregon Press, Eugene. 
[24] OHKAWA, H., NOBUKO, O., YAGİ, K. 1979 Assay for lipid peroxides in animal tissues 
by thiobarbituric acid reaction. Analytical Biochemistry 95(2):351-358. 
[25] PAOLETTI F., MOCALI A. (1990) Determination of Superoxide Dismutase Activity by 
Purely Chemical System Based on NAD(P)H Oxidation Methods Enzymol 186:209-
220. 
[26] HABIG, W.H., PABST, M.J., JAKOBY, W.B., 1974, Glutathione S-transferases. The first 
enzymatic step in mercapturic acid formation. Journal of Biological Chemistry, 
25;249(22):7130-7139. 
[27] MISHRA, V., SRIVASTAVA, N., 2015, Organophosphate pesticides‐induced changes in 
the redox status of rat tissues and protective effects of antioxidant vitamins. 
Environmental Toxicology. 40(4):472-482. 
[28] PASKEROVA, H., HILSCHEROVA, K., BLAHA, L., 2012, Oxidative Stress and 
Detoxification Biomarker Responses in Aquatic Freshwater Vertebrates Exposed to 
Microcystins and Cyanobacterial Biomass. Environmenral Science and Pollution 
19:2024–2037. 
[29] GOEL, A., DANI, V., DHAWAN, D.K., 2005, Protective effects of zinc on lipid 
peroxidation, antioxidant enzymes and hepatic histoarchitecture in chlorpyrifos-induced 
toxicity. Chemico-biological interactions. 56(2-3):131-140. 
[30]  DEVASANA, T., LALITHA, S., PADMA, K., 2001, Lipid peroxidation, osmotic fragility 
and antioxidant status in children with acute post-streptococcal glomerulonephritis. 
Clinica Chimica Acta 308(1-2):155-61. 
 GÖKÇE & İŞİSAĞ ÜÇÜNCÜ / Biochemical Evaluations of Quinalphos Exposed Zebrafish Liver 
Organotypic Tissue Culture 
Journal of Scientific Perspectives, Volume:3, Issue:4, Year:2019 
328 
[31] BAINY, A.C.D., ARISI, A.C.M., AZZALIS, L.A., SIMIZU, K., BARROS, S.B.M., 
VIDELA, L.A., JUNQUEIRA, V.B.C. 1993. Differential Effects of Shortterm Lindane 
Administration on Parameters Related to Oxidative Stress in Rat Liver and erythrocytes. 
J Biochem Toxicol 8:187–194. 
[32] ISIK, I., CELIK, I. 2008. Acute Effects of Methyl Parathion and Diazinon as İnducers for 
Oxidative Stress on Certain Biomarkers in Various Tissues of Rainbow Trout 
(Oncorhynchus mykiss). Pestic Biochem Physiol 92:38–42. 
[33] KAPPUS, H. 1985. Lipid Peroxidation: Mechanisms, Analysis Enzymology, and 
Biological Relevance. Oxidative Stress. London: Academic Press. pp 273–310. 
[34] ZHU, Y.P., FAN, J.F., CHENG, Y.Q., Lİ, L.T. 2008. Improvement of the Antioxidant 
Activity of Chinese Traditional Fermented okara (Meitauza) Using Bacillus subtilis b2. 
Food Control 19:654–661. 
[35] ALMEIDA, D.V., da SILVA NORNBERG, B.F., GERACITANO, L.A., BARROS, D.M., 
MONSERRAT, J.M., and MARİNS, L.F. (2010) Induction of phase II enzymes and 
hsp70 genes by copper sulfate through the electrophile-responsive element (EpRE): 
insights obtained from a transgenic zebrafish model carrying an orthologous EpRE 
sequence of mammalian origin. Fish physiology and biochemistry. 36(3):347-353. 
[36] DAVID, C., ARNOU, B., SANCHEZ, J.F., PELOSI, L., BRANDOLIN, G., LAUQUIN, 
G.J., TRÉZÉGUET, V., 2008, Two residues of a conserved aromatic ladder of the 
mitochondrial ADP/ATP carrier are crucial to nucleotide transport. Biochemistry 
47(50):13223-13231. 
[37] WINSTON, G.W. and DIGIULIO, R.T. (1991) Prooxidant and antioxidant mechanisms in 
aquatic organisms. Aquatic Toxicology, 19, 137-161.  
[38] PATIL, V.K., DAVID, M. 2013. Oxidative Stress in Freshwater Fish, Labeo rohita as a 
Biomarker of Malathion Exposure. Environmental Monitoring Assessment, 185:10191–
1019. 
[39] ORUC, E.O., UNER, N. 2002. Marker Enzyme Assessment in the Liver of Cyprinus 
Carpio (L.) Exposed to 2,4-D and Azinphosmethyl. J Biochem Mol Toxicol 16:182–8. 
[40] PADMANABHA, A., REDDY, H.R.V., BHAT, A., KHAVI, M. 2015. Quinalphos 
Induced Oxidative Stress Biomarkers in Liver and Kidney of Common Carp, Cyprinus 
carpio. Nature Environment and Pollution Technology. 14(4):871-876. 
 
